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Abstract:
This paper presents a cost-benefit analysis of vegetated roofs in urban areas based on an extensive
literature review in multiply fields. Green roofs have been used as an environmentally friendly
roofing structure for many centuries and considered as a sustainable product. Research shows that
private benefits are usually high enough to justify the additional investment for a private decision
maker. Although, when the public benefits are added to the private benefits, than in the most cases
benefits outweigh additional costs of green roofs. The analysis is conducted to demonstrate the
private and public costs and benefits of integrated vegetation into building envelopes. Most of the
benefits are not directly measurable in economic term, thus their monetary value is estimated due to
other studies.
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1 Introduction 

The construction industry is responsible to please human development needs and desires. 

Unfortunately, the opposite side of this development is deterioration of the environment based 

on utilization of non-renewable materials. Buildings are responsible for approximately 40% of 

energy consumption and 36% of CO2 emissions in the EU. Nowadays, more than 35% of EU's 

buildings are over 50 years old and almost 75% of building stock is energy inefficient [1]. 

Therefore, more renovation of existing buildings has the potential to lead to significant energy 

savings, reduction of emissions, and re-use and recycle of materials. One of the best options, 

how to achieve all these benefits is via integration of vegetation into building envelope, for 

example in form of green roofs. 

Green roofs are roofs that are partially or completely covered by vegetation. Vegetated roofs 

are increasing features of cities' urban planning due to their multiple environment benefits. 

There are two main types of green roofs: extensive and intensive. Intensive roofs are often 

called roof gardens. They need a reasonable depth of soil and require permanent 

maintenance in comparison to thin layer of soil and use of less demanding plants of extensive 

green roofs.  

This article aims to promote green roofs by converting their benefits into monetary terms. 

Cost-benefit analysis is a decision support tool for developers and home-owners. Developers 

can market their buildings with beneficial green technologies and the relatively higher 

investment can be at least partly justified with the benefits. 

2 Method 

Costs and benefits of green roofs differ depending on many characteristics such as: type of 

green roof, location of building, weather conditions, cost of materials, energy consumption, 

labour, discount rate, and inflation. The analysis is conducted for two main types of green 

roofs: extensive and intensive.  Costs and benefits are divided in two categories: private and 

public. Private costs and benefits of green roofs are those that are achieved just by the 

property owner. Public costs and benefits are those achieved by society. Analysis will estimate 

and total up the equivalent money value of the benefits and costs of vegetated roofs to 

establish whether their installation is worth it. 

3 Costs and benefits of green roofs 

3.1 Private costs and benefits 

In this section, each private costs and benefits of green roofs are shown. The findings are 

resulting from the literature. 

Initial costs 

The main barrier of green roofs is the additional costs compared to conventional roofs. The 

costs for green roofs vary significantly across the world. Bianchimi and Hewage [2] calculated 

the costs of extensive green roofs range from 90€/m2 to 113 €/m2. The costs of intensive 

green roofs were estimated around 127 €/m2 - 440 €/m2 [3]. 

Longevity 

Liu and Baskaran [4] estimated in their study the life cycle of green roof is 40 years, while the 

life of conventional roofs is about 20 years. Due to information that green roof have a double 

lifespan than standard one (regular bitumen roof), the present value of the benefit of green 

roof is 23.6 €/m2. 
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Energy cost savings for heating and cooling 

Energy savings vary based mostly on location of building but also on thickness of soil and 

type of plants.  Lee et al. [5] calculated that green roof can save 0.14 - 0.52 €/m2 in cooling 

energy and 0.17 €/m2 in heating energy (natural gas). 

Noise reduction 

Extensive green roofs may increase transmission loss up to 10 dB at low frequency and up to 

20 dB at mid-range frequencies [15]. The cost of adding a plasterboard layer, a generally used 

tool to improve the noise insulation, is used to calculate sound insulation benefit of vegetated 

roofs. The total costs of plasterboard installation are around 25 €/m2 in the Czech Republic 

(labour costs of 50% are included).  

Storm water management 

Vegetated roofs can reduce the demand of the sewer system on capacity by delaying water 

flows and reducing total runoff by retaining of storm water and releasing it to back to the 

atmosphere by evapotranspiration. The city of Portland charges a monthly fee of 70 €/1000m2 

for impervious surfaces to improve its storm water system [6]. Therefore, it could be saved 

0.07 €/m2 by installing permeable roofing material such as green roof. 

Tax reduction 

The effort of  city of New York to enhance installation of green roofs brought financial benefit 

for owners of vegetated roofs by receiving a one year tax credit of 48$/m2 (39 €/m2) [7]. 

Property value 

Green roofs give the opportunity to utilize an unused space by creating a pleasant place to 

relax and enjoy the great outdoors.  There is not direct literature to note a commercial or 

residential property value increase based on installation of green roofs. The total value of 

property depends on many factors. One of them is also natural landscapes and green place 

on the rooftop. The increase in the property value of the building with green roof was 

assessed to be around 1.2% with regard to study showing the increase of property value of 

7.1%, if it is close to forest [8]. The study of Bianchini and Hewage [2] estimated that extensive 

green roof can increase property value from 105 €/m2 to 140 €/m2 and intensive green roof 

from 139 €/m2 to 498 €/m2. 

Operation and maintenance cost 

Operation and maintenance cost of green roofs are extremely important to ensure their 

positive impacts. The annual operation and maintenance costs of vegetative roofs were 

estimated between 0.5 €/m2 to 11 €/m2 [8]. 

3.2 Public costs and benefits 

Green roofs help to provide additional green space with many environmental and social 

benefits in densely built-up areas.  

Urban heat island effect 

In urban environment, vegetation has been largely replaced by impervious surfaces such as 

concrete, asphalt that reflect less solar radiation. The built-up areas contribute to the urban 

heat island effect, when urban areas are significantly warmer than surrounding suburban and 

rural areas. Studies have found that the urban heat island effect can add between 1 °C to 6 °C 

to ambient air temperature [9]. Study of Zinzi and Agnoli [10] estimated that green roofs save 

10%-14% of the electrical energy consumed in cooling residential buildings. By considering 

the price of electricity as 0.14 kWh [11], this analysis estimates that green roofs can reduce 

urban temperature, represented as benefit,  0.01 €/m2 [2]. 
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Air quality improvement 

Studies have consistently shown how vegetation on green roofs traps air particles and gas 

pollution that contribute to air pollution. Tan and Sia [12] demonstrate in their study that levels 

of fine particles (PMx) and sulphur dioxide (SO2) decreased by 6% and 37% in the immediate 

surrounding air space after a green roofs were installed. A study conducted in Toronto shows 

the area of 109 ha of green roofs can remove around 8 tons of unspecified air pollutions per 

year [13]. Thereby, the improved air quality benefits of green roofs range around 0.02 €/m2 [2] 

based on calculation of the carbon reduction tax. 

Flood risk reduction 

Green roofs can be applied almost to any rooftop given weight load capacity. The study 

conducted in Toronto [14] shows that green roofs have capacity to capture an average of 70% 

of rainfall over a given time, relieving sewer system and reducing risk of floods. The cost to the 

national economy of England and Wales, due to urban flooding, was calculated €350 million 

per year. However, flood risk depends on region, green roofs could save 0 €/m2 to 

0.02 €/m2 [2]. 

Biodiversity 

Vegetated roofs help increase local biodiversity and provide habitat for wild species within 

urban areas. Brenneisen [16] concluded in his study that low maintenance green roofs offer 

suitable habitat for animal and plant species that are able to adapt to urban conditions and are 

mobile enough to reach the habitats on the roofs. Increment of biodiversity is not a common 

investment, therefore, benefits of green roofs ranges from 0 €/m2 to 0.01 €/m2. 

Aesthetics 

Green roofs provide psychological and aesthetical benefits for people living in urban areas. 

The study of Hartig [17] demonstrates that event a short time exposure to green spaces has 

helpful effect on better mental state of people. However, vegetated roofs do not offer the same 

level of benefits as parks, still provide a space of relaxation inside built-up areas. The 

aesthetic benefit of extensive green roofs was estimated 5% (6.7 €/m2) and intensive green 

roofs 8% (35 €/m2) based on current demand of properties with integrated vegetation within 

building envelope.  

4 Green roof cost-benefit assessment 

Table 1 summarizes the private and public costs and benefits of implementation of green 

roofs. Benefits are dependent on a number of different factors such as location of building, 

height of building. The Table 1 shows two scenarios of extensive roofs and intensive roofs. 

The analysis shows that the private benefits are mostly high enough to cover the current level 

of the private costs of the most common available green roofs. Considering the membrane 

longevity or the increase of property value, these benefits may particularly justify the additional 

initial costs of green roofs. It is important to mention that every case is unique with regard to 

location in the city, type of building, or type of use. 
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Table 1: Private and public costs and benefits of green roofs  
                    

Costs and benefits Type 
Time 
frame 

Extensive green roofs Intensive green roofs 

Value (€/m²) 

Function 

Value (€/m²) 

Function Low 
scenario 

High 
scenario 

Low 
scenario 

High 
scenario 

P
ri

v
a

te
 

Initial costs Cost One time 90 113 Uniform 127 440 Uniform 

Longevity 
Benefit 

Every 20 
years 

23.6 
 

Constant 23.6 
 

Constant 

Energy cost savings 
        

 -cooling Benefit Annual 0.14 0.52 Uniform 0.14 0.52 Uniform 

 -heating Benefit Annual 0.17 
 

Constant 0.17 
 

Constant 

Noise reduction Benefit One time 25 
 

Uniform 25 
 

Uniform 

Storm water management Benefit Annual 0 0.07 Uniform 0 0.07 Uniform 

Tax reduction Benefit Annual 0 48 Uniform 0 48 Uniform 

Property value Benefit One time 105 140 Uniform 139 498 Uniform 

Operation and 
maintenance 

Cost Annual 0.5 11 Uniform 0.5 11 Uniform 

P
u

b
li

c
 

Urban heat island effect Benefit Annual 0 0.01 Uniform 0 0.01 Uniform 

Air quality improvement Benefit Annual 0 0.02 Uniform 0 0.02 Uniform 

Flood risk reduction Benefit Annual 0 0.02 Uniform 0 0.02 Uniform 

Biodiversity Benefit One time 0 0.01 Uniform 0 0.01 Uniform 

Aesthetics Benefit One time 0 6.70 Uniform 0 35 Uniform 

Source: Author 

Higher implementation of green roofs would drive down the cost level of green roofs and 

increase the level of public benefits. Some benefits are expected to emerge only with high 

level of implementation rate. 

5 Conclusion 

The aim of this study was to demonstrate the costs and benefits of vegetative roofs. The type 

of green roof also plays an important role due to storm water management, biodiversity, and 

operation and maintenance costs. Many benefit do not have direct monetary value, therefore it 

is necessary to validate also their environmental and social benefits. Given a lack of research 

of green roofs for all regions, this analysis can be applied to any urban area.  

The assessment of costs and benefits demonstrated that installation of green roofs would be a 

good investment with regards to public benefit. Currently, the private benefits are not high 

enough to justify a green roof installation, unless its installation increases a membrane 

longevity or a property value.  This can be changed in the near future by supportive policies 

offering a new regulation and law toward to sustainability or real estate tax abatements. It is 

also essential to demonstrate advantages of public benefits of implemented vegetation into 

building envelope to developers or home-owners to understanding direct impact on increasing 

value of property and neighbourhood.  
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